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Abstract



There has been limited data presented to characterize and quantify breakthrough SARS-CoV-2
infections, hospitalizations, and mortality in vaccinated patients with hematologic malignancies
(HM). We performed a retrospective cohort study of patient electronic health records of 514,413
fully vaccinated patients from 63 healthcare organizations in the US, including 5,956 with HM
and 508,457 without malignancies during the period from December 2020 to October 2021. The
breakthrough SARS-CoV-2 infections in patients with HM steadily increased and reached 67.7
cases per 1,000 persons in October 2021. The cumulative risk of breakthrough infections during
the period in patients with HM was 13.4%, ranging from 11.0% for acute lymphocytic leukemia
to 17.2% and 17.4% for multiple myeloma and chronic myeloid leukemia respectively, all higher
than the risk of 4.5% in patients without malignancies (p<0.001). No significant racial disparities
in breakthrough infections were observed. The overall hospitalization risk was 37.8% for patients
with HM who had breakthrough infections, significantly higher th-in 2.2% for those who had no
breakthrough infections (hazard ratio or HR: 34.49, 95% ClI: 25.93-25.87). The overall mortality
risk was 5.7% for patients with HM who had breakthrough infec.ior., significantly higher than
the 0.8% for those who had no breakthrough infections (HR: .2 2, 95% CI: 5.94-17.69). In
summary, this study shows that among the fully vaccinated p “ou)ition, patients with HM had
significantly higher risk for breakthrough infections compa. ~d to patients without cancer and that
breakthrough infections in patients with HM were assor.ate.! with significant clinical outcomes
including hospitalizations and mortality.

1. Introduction

Data from early in the pandemic, when vaccn.~s were not available, showed that patients with
hematologic malignancies (HM) were a1 :ncreased risk for COVID-19 infection and severe
outcomes [1-2]. In the United States, "nr.~ _OVID-19 vaccines have been authorized since
December 2020 [3-5]. Vaccines are ~ffoc'ive; however, breakthrough infections have been
recorded [6-10]. Patients with HN: have been shown to have impaired antibody response to
COVID-19 vaccines [11-15]. W ile 1ieutralizing antibody levels potentially correlate with
protection against SARS-CoV-. imiections [16], it remains unknown how and in what degree
low rate of seroconversior 1 .~*ents with HM allows significant breakthrough infections and
adverse outcomes. Currei tly, _here has been little real-world data presented to systemically
characterize and quantity hreakthrough SARS-CoV-2 infections in fully vaccinated patients with
HM and to identify whic* patients with HM are more vulnerable to breakthrough infections and
severe outcomes. We recently reported a significantly increased breakthrough SARS-CoV-2
infection in immunized patients with multiple myeloma compared to patients without cancer [10].
We have now conducted these studies for HM, as a group, and separately for seven specific types
of HM including acute myeloid leukemia (AML), chronic myeloid leukemia (CML), acute
lymphocytic leukemia (ALL), chronic lymphocytic leukemia (CLL), Hodgkin lymphoma (HL),
Non-Hodgkin lymphoma (NHL) and multiple myeloma (MM) through a retrospective cohort
study of a large, geographically diverse real-time database of patient electronic health records
(EHRS) in the US. We characterized and quantified (1) how the rates of new cases of
breakthrough SARS-CoV-2 infections evolved over time from December 2020 to October 2021
in the vaccinated population with HM and the vaccinated population without cancer, (2) the
cumulative risks of breakthrough infections from December 2020 to October 2021 in patients
with all HM, each of the seven specific HM, and patients without cancer, stratified by



race/ethnicity, (3) overall risks of hospitalization and mortality in the vaccinated HM population
with and without breakthrough infections.

2. Methods

2.1  Database description

We used the TriNetX Analytics Network Platform that allows access to fully de-identified data
of 84.5 million unique patients from 63 health care organizations of inpatient and outpatient
settings in US [17]. TriNetX Analytics provides web-based, real-time, secure access to patient
EHR data from hospitals, primary care, and specialty treatment providers, covering diverse
geographic, age, race/ethnic, income and insurance groups. Though the data are de-identified,
end-users can use TriNetX Analytics built-in statistical and informatics functions to work on
patient-level data for cohort selection, propensity-score matching, analyzing incidence and
prevalence of events in a cohort, and comparing characteristics ana *1tcomes between matched
cohorts. Because this study used only de-identified patient recor:s a.d did not involve the
collection, use, or transmittal of individually identifiable data t“1s ctudy was exempted from
Institutional Review Board approval.

2.2 Study population

The study population comprised 5,956 patients with a diag0sis of HM and 508,457 fully
vaccinated patients without malignancies who had 7:'filled the following inclusion criteria: had
documented evidence of full vaccination in the EF. s /received two doses of Pfizer-BioNTech or
Moderna mRNA vaccine, or single dose of J2hn.~n & Johnson (J&J) vaccine) between
December 2020 and October 2021, and ha « no. contracted SARS-CoV-2 infection prior to full
vaccination. The latter criteria ensured that S,* RS-CoV-2 infections that occurred in this study
population were vaccine breakthrough irfections. Among 5,956 fully vaccinated patients with
HM, 460 patients had a diagnosis of /.v.. . 287 of CML, 319 of ALL, 984 of CLL, 448 of HL,
2,723 of NHL and 1,186 of MM. Other t pes of HM were not examined due to their small
sample sizes. Names and codes tc eteimine the status of SARS-Cov-2 infections, vaccinations,
diagnoses of HM, hospitalizatio. s, ad death from patient EHRs are described in Table 1.

Table 1: Status, names ane ~0.'~s for disease diagnosis, lab tests, and procedures.

Status Neme. an'] Codes for disease diagnosis (ICD-10), lab tests, and
procec'ures

SARS-CoV-2 | SART coronavirus 2 and related RNA” (TNX:LAB:9088)

infection COVID-19” (U07.1)

Immunization administration by intramuscular injection of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) (Coronavirus disease
[COVID-19]) vaccine, MRNA-LNP, spike protein, preservative free, 30
mcg/0.3mL dosage, diluent reconstituted; second dose (0002A), by Pfizer

Immunization administration by intramuscular injection of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) (Coronavirus disease
[COVID-19]) vaccine, mMRNA-LNP, spike protein, preservative free, 100
mcg/0.5mL dosage; second dose (0012A), by Moderna

COVID-19
vaccination

Immunization administration by intramuscular injection of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) (coronavirus disease
[COVID-19]) vaccine, DNA, spike protein, adenovirus type 26 (Ad26)




vector, preservative free, 5x10710 viral particles/0.5mL dosage, single dose
(0031A), by Johnson & Johnson

Malignant neoplasms of lymphoid, hematopoietic and related tissue (ICD-10

HM code: C81-C96)

Acute myeloblastic leukemia (ICD-10 code: C92.0)

AML Acute promyelocytic leukemia (ICD-10 code: C92.4)

Acute myelomonocytic leukemia” (ICD-10 code: C92.5)

Chronic myeloid leukemia, BCR/ABL-positive (ICD-10 code: C92.1)

CML Atypical chronic myeloid leukemia, BCR/ABL-negative (ICD-10 code:
C92.2).
ALL Acute lymphoblastic leukemia [ALL] (ICD-10 code: C91.0).
CLL Chronic lymphocytic leukemia of B-cell type (.©D-10 code: C91.1).
HL Hodgkin lymphoma (ICD-10 code: C81).

Follicular lymphoma (ICD-10 code: C82)

Non-follicular lymphoma (ICD-10 code: .85,

Mature T/NK-cell lymphomas (ICD-10 >ou>: C84)

NHL Other specified and unspecified types o 1.on-Hodgkin lymphoma (1CD-10
code: C85)
Other specified types of T/NK-cell 'ymp:xoma (ICD-10 code: C86)
Cancer Neoplasms (ICD-10 code: COC -I>49)

Hospitalization | Hospital inpatient services (€ '3bJ9)

Vital status code “deceesed tha. TriNetX regularly imports from the Social
Death . )
Security Death index.

2.3 Statistical analysis

(1) We examined how inc’u~nco proportions of breakthrough SARS-CoV-2
infections (new cases per 1,000 per;on) evolved from December 2020 to October 2021 in
vaccinated patients with all HM a1 patients without cancer, stratified by gender, race, and
ethnicity and age groups (ac > 5 and <65 years old). Time trends for each specific HM
type were not separately ex>mi.ed due to small numbers of breakthrough infections during
each time period. For seccrity' reasons, TriNetX does not report actual patient counts less
than 10.

(2) The accumu.ated risks of breakthrough SARS-CoV-2 infections during the
period of December 2( 20 to October 2021 were examined in vaccinated population for all
HM, seven specific HM types, and non-cancer. Risks for breakthrough SARS-CoV-2
infections were also examined and compared between White and Black patients, and between
Hispanic and non-Hispanic patients.

(3) The overall risks for hospitalization and death in patients with HM who had
breakthrough infections were examined and compared with those in patients with HM who
had no breakthrough infections. Hospitalization and death were followed starting on the day
of breakthrough infections for patients with breakthroughs or 14 days after full vaccination
for patients without breakthroughs up to October 23, 2021. Kaplan-Meier analysis was
performed to estimate the probability of outcomes. Comparison of outcomes between
patients with vs without breakthroughs were made using Cox’s proportional hazards model.
The proportional hazard assumption was tested using the generalized Schoenfeld approach.
The hazard ratios (HRs) and 95% confidence intervals were calculated.




(4) Characteristics of patients with vs without breakthroughs were compared for all
HM, multiple myeloma, and non-Hodgkin lymphoma. The following characteristics were
examined: demographics (age, gender, race/ethnicity); adverse socioeconomic determinants
of health including problems related to employment, housing and economic circumstance
that are known to be associated with COVID-19 incidence and related outcomes [18-19];
COVID-19-related comorbidities [20-25] and behavior factors (tobacco smoking, alcohol use)
[26]; vaccine types (Pfizer-BioNTech, Moderna, J & J) [27-29]; cancer treatment types (Stem
cell transplant, chemotherapy, targeted therapy, radiation therapy) [30-31].

(5) Characteristics of patients with HM who had breakthrough infections and were
subsequently hospitalized or died were compared with those who had breakthrough
infections but were not subsequently hospitalized nor died. The following patient
characteristics were compared: demographics; adverse socioeconomic determinants of health,
comorbidities, behavior factors, vaccine types; and cancer treata. nts.

All statistical analyses were performed on the TriNetX Arctvizs Platform. Patient
characteristics were compared with chi-square tests for ¢tegorical variables and
independent-sample t tests for continuous variables, au cignificance set at p-value < 0.05

(two-sided).

3. Results
3.1

Patient characteristics

The characteristics of fully vaccinated pat? :nts with all HM and each of seven specific HM types
are shown in Table 2. Specific HM differed 1" ages, race/ethnicity, adverse social determinants
of health, comorbidities, and cancer trea.ments.

Table 2: Characteristics of fully va~iri>t..d population with hematological malignancy.

HM AN CML ALL CLL HL NHL MM
Total no. of patients 5,956 _l_40 287 319 984 448 2,723 1,186
Age (Mean £ SD) 65.4+7.0 % 10.3£17 [ 63.6+15.8 [ 45.9+21.5 | 71.3+11.3| 54.7+18.5| 66.1+15.2 | 68.1+11.6
Gender (% Female) ‘0. 53.9 43.2 46.1 43.6 48.9 49.4 48.6
Ethnicity (%0)

Hispanic/Latino 55 8.4 4.2 12.6 2.9 8.1 5.4 5.7
Not Hispanic/Latino 81.1 78.9 86.8 78.8 84.1 78.5 80.1 82.8
Unknown Ethnicity 13.3 12.7 9.0 13.2 8.5 13.3 14.5 114

Race (%)
Caucasian 71.2 69.6 72.5 64.9 81.4 70.1 73.0 61.5
African American 16.0 12.8 12.9 14.4 9.7 16.5 13.8 27.4
Asian 4.0 6.3 5.9 6.6 15 4.0 4.1 3.9
Unknown 8.5 10.4 8.4 13.8 7.2 8.0 8.9 6.8
adverse social
determinants of 3.3 4.3 35 6.9 2.4 3.8 3.0 2.8
health (%)




Health conditions or
behavioral factors
(%)
Hypertension 52.6 54.8 53.0 45.8 57.1 42.9 52.2 60.2
Heart diseases 18.2 15.2 20.9 12.2 19.3 19.9 19.4 22.4
Cerebrovascular 11.6 12.8 11.5 15.0 10.0 10.9 11.2 13.7
diseases 19.0 24.1 20.6 21.0 18.5 19.0 19.2 19.1
Obesity 20.2 27.6 26.1 21.6 18.1 18.3 20.8 22.1
Type 2 diabetes 22.1 28.3 25.4 26.0 21.7 23.2 22.9 21.6
Chronic respiratory
diseases 17.0 17.6 23.0 16.6 17.3 145 15.8 26.2
Chronic kidney 16.0 26.7 16.4 22.9 12.9 21.9 18.1 16.0
diseases 2.0 2.2 35 3.1 1.0 47 3.1 1.3
Liver diseases 1.3 2.2 3.5 3.1 1.0 « 22 1.3 1.2
HIV infection 12.1 13.0 11.5 12.2 115 | 158 12.8 12.6
Dementia 18.0 22.2 23.3 22.3 7.5 ) 217 18.4 19.4
Substance use 24.3 29.8 24.4 35.1 PR 33.7 25.2 23.3
disorders 3.0 4.6 35 3.1 3.0 47 3.2 2.2
Depression 3.3 3.0 3.5 3.1 | 3.V 3.8 3.6 3.2
Anxiety
Alcohol use
Smoking

Cancer treatment (%0)

Stem cell transplant 11.6 38.0 153 31.0 35 15.0 8.1 26.6
Chemotherapy 52.6 66.7 73 79.3 43.7 63.8 54.6 59.9
Targeted therapy 37.2 40.4 64.c 44.5 32.5 37.1 39.3 50.2
Radiation 12.4 17.6 10.5 19.7 5.5 17.9 15.9 12.1

Vaccine types (%)

Pfizer-BioNTech 78.2 75.0 76.7 81.1 75.7 81.7 78.8 77.1
Moderna 20.8 24.2 22.3 18.2 23.6 17.0 20.1 22.0

Johnson & Johnson 1.0 | 29 1.0 0.7 0.7 2.2 1.1 0.9

HM — hematological malign.ncy AML - acute myeloid leukemia, CML — chronic myeloid
leukemia, All - acute lymohoytic leukemia, CLL - chronic lymphocytic leukemia, HL -
Hodgkin lymphoma, ‘n. 'L *von-Hodgkin lymphoma, MM - multiple myeloma.

3.2 Increasing breakthrough SARS-CoV-2 infections in vaccinated populations with
hematological malignancy from December 2020 to October 2021

The incidence proportions of breakthrough SARS-CoV-2 infections in both patients with HM
and patients without cancer steadily increased from December 2020 to October 2021 (Figure 1).
The rates were higher in patients with HM than those in non-cancer patient over the time period:
2.46% vs 0.49% (p <0.001) during February-March, 5.25% vs 1.41% (p <0.001) during April-
May, 4.55% vs 1.81% (p <0.001) during June-July, 6.78% vs 5.67% (p = 0.008) during August-
October. No significant differences were observed in populations stratified by gender and
race/ethnicity. Older patients (age > 65 years) had consistently higher breakthrough infections
than younger patients.
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Figure 1 Time trends of incidence proportions of breakw ro.gh SARS-CoV-2 infections in

in fully vaccinated populations with HM and in fullv v.ccinated populations without cancer
between December 2020 and October 2022, stratiiiea 'y gender (top panel), race and ethnicity
(middle panel) and age (bottom panel).

3.3  Risks of SARS-CoV-2 breakthrouy'« infections in fully vaccinated patients with
hematological malignancies

The overall risk of SARS-CoV-2 brea'hrocgh infections in vaccinated patients with
hematological malignancies was 13.4% . Aimong the 7 HM types, patients with CML had highest
risk for breakthrough infections (1 /.4.4), followed by MM (17.2%) and CLL (15.2%) and
patients with ALL had the lowest ris:- (11.05). However, all of them were significantly higher
than the 4.5% in fully vaccinawc 1 atients without cancer. The risks for breakthrough infection
among patients with HM dia ot uiffer based on race or ethnicity, indicating that vaccines are
effective against SARS-CoV- 2 infections regardless of race or ethnicity. For example, among
1,186 vaccinated patichi.~ w.in MM, the overall risk of breakthrough infections was 15.8% for
White patients with MM a1d 18.5% for Black patients with MM and the difference was not
significant (Table 3).

Table 3. Risks of breakthrough SARS-CoV-2 infections and 95% confidence interval in patients
with hematological malignancy.

Risk in Risk in Risk in Risk in
. Overall Risk White Black Not Hispanic Hispanic
Canerl  PELERS (%) patients patients patients patients
(%) (%) (%) (%)
13.4[12.5- 13.4 [12.4- 14.6 [12.5- i i
HM 5,956 14.3] 14.5] 17.0] 12.5[11.6-13.4] 14.7 [11.3-18.9]
17.2 [15.1- 15.8 [13.3- 18.5[14.5- i i
MM 1,186 19.2] 18.7] 23.2] 16.2 [14.1-18.6] 20.5[12.3-31.9]
AML a0 ~ 143[113 14.1[10.6- NA 15.0 [11.7-19.0] NA

17.9] 18.5]




17.4 [13.3- 17.3 [12.6-

CML 287 o, 1] 23.3] NA 14.9 [10.8-19.3] NA
ALL 319 1%:(1)][7'9' ig:g][es.g- NA 10.1 [6.9-14.5] NA
CLL 984 1%][13-0- ;2:21[9'2' 1‘71:171][12'4‘ 14.7 [12.6-17.1] NA

HL 448 12:21[9'8' 12:21[10.7- NA 11.9 [9.0-15.6] NA
NHL 2,723 12:11[11,9- ﬁ:g]m'g' i?:é][g'g‘ 12.2 [11.0-13.6] 15.6[9.7-21.3]
Non- 508457 45[44-46] 5.1[50-52] /146 4.4[4.3-45] 3.6 [3.5-3.7]

cancer 4_9]***

NA - not available. TriNetX does not report actual patient counts less than 10 for security
reasons.

We then compared patients with breakthroughs to those without re. ktnroughs for all HM, MM,
and NHL (Table 4). Other types of HMs were not examined d''= .> *aeir small sample sizes.
Comparing patients with vs without breakthrough infections "moiig the population with all HM,
patients with breakthrough infections were older (68.6 £ 1. 5 vs 65+ 16 years old), had more
comorbidities (e.g., 66.1% vs 50.8% for hypertension, 29..% vs 18.9% for type 2 diabetes, 25.8%
vs 18.1% for obesity) and received more chemotherapies (534.5% vs 51.9%) and targeted cancer
therapies (43.3% vs 36.3). No significant differencsc were ooserved for gender, race or ethnicity,
and adverse social determinants of health diagnost <. N significant differences were observed
for types of vaccine take-ups between patients w *h breakthroughs (Pfizer-BioNTech: 78.5%,
Moderna: 21.1%) and those without break*.aror.ghs (Pfizer-BioNTech: 78.2%, Moderna: 20.8%).
Similar findings were observed for patients v.'th NHL. Among the vaccinated population with
MM, patients with and without breakthrc'igh infections did not differ in age, gender, race or
ethnicity, cancer treatments, and vacc’ne *vues. However, MM patients with breakthrough
infections had more comorbidities than those without breakthroughs (e.g., 69.6% vs 58.6% for
hypertension, 31.9% vs 20.6% fo: type 2 diabetes, 28.4% vs 17.4% for obesity).

Table 4. Characteristics of vacunawed patients with HM who had breakthrough SARS-CoV-2
infections vs those who har nc b.eakthrough SARS-CoV-2 infections.

HM MM NHL
Breakthrough SARS- P P P
CoV-2 infection et o value e o Value = e Value
Total Number of 800 5156 204 982 357 2,366
Patients
68.6 + 65+ 69+ 679+% 69.4+ 656+
Age (Years, MeantSD) 135 16 <.001 111 117 0.21 13.2 154 <.001
Gender (% Female) 49.1 49.1 0.98 55.4 47.1 0.03 46.5 49.9 0.24
Ethnicity (%)
Hispanic/Latino 6.6 6.0 0.47 7.4 5.9 0.43 6.7 5.7 0.47
Not Hispanic/Latino 81.8 81.0 0.58 84.4 825 0.52 81.2 80.0 0.57
Race (%0)
White 71.0 712 092 56.4 62.5 0.10 74.2 72.8 0.57
Black 17.4 158 0.25 29.4 27.0 0.48 13.7 13.8 0.98
Asian 4.0 4.0 0.97 5.3 3.6 0.22 45 4.1 0.71
Adverse Social 43 32 012 49 27 011 31 30 0.90

Determinants of Health



(%)

Comorbidities (%0)
Hypertension
Heart diseases
Cerebrovascular diseases
Obesity
Type 2 diabetes
Chronic respiratory
diseases
Chronic kidney diseases
Liver diseases
Substance use disorders
Anxiety
Depression
Alcohol use
Smoking
Cancer treatment (%)
Stem cell transplant
Chemotherapy
Targeted therapy
Radiation
Vaccine types (%)
Pfizer-BioNTech
Moderna
Johnson & Johnson

66.1
30.3
18.6
25.8
29.3

294

26.6
20.8
15.6
29.2
22.3
4.3
3.1

135
59.5
43.3
135

78.3
211
1.3

50.8
16.6
10.7
18.1
18.9

21.2

15.7
15.4
11.7
23.8
17.6
29
3.3

115
51.9
36.6
12.4

78.2
20.8
1.0

<.001
<.001
<.001
<.001
<.001

<.001

<.001
<.001
0.001
<.001
0.001
0.04
0.78

0.10
<.001
<.001

0.37

0~z
1.82
0.2

69.6
30.4
18.6
28.4
31.9

255

32.4
211
17.6
27.8
235
4.9

4.9

26.5
62.3
52.9

13

79.9
19.1
NA

58.6
211
12.0
17.4
20.6

20.9

25.3
15.2
11.8
22.9
18.5
2.2
3.}

7.0
5.7
01
12.4

76.5
22.6
NA

0.003
0.004
0.03
<.001
<.001

0.15

0.04
0.04
0.02
u.'3
.10
0 J3
0.28

0.88
0.49
0.46
0.65

0.29
0.27
NA

67.8
33.3
18.8
26.6
31.9

32.5

26.1
224
17.6
28.7
21.0
5.9

3.6

9.0
64.4
47.6
18.5

79.6
19.9
NA

50.1
17.5
10.4
18.2
19.3

21.6

145
17.6
12.2
24.3
18.1
2.8
3.6

8.1
53.6
38.4
15.6

78.7
20.2
1.1

<.001
<.001
<.001
<.001
<.001

<.001

<.001
0.03

0.004
0.07
0.19

0.002
1.00

0.57
<.001
<.001

0.17

0.71
0.91
NA

NA - not available. For security reasons, TriNetX does not report actual patient counts less than

10.

3.4 Overall risks of hospitali: ation and mortality among patients with vs. without
breakthrough SARS-CoV-2 ii.ectiun

Among the population with h: 4, the overall hospitalization risk was 37.8% for patients with
breakthrough infections, <ia.‘ficantly higher than the 2.2% for those without breakthrough
infections (HR: 34.49 90% ('l: 25.93-45.87). The overall mortality risk was 5.7% for patients
with breakthrough infec.'ans, significantly higher than the 0.8% for those without breakthrough
infections (HR: 10.25, 950 CI: 5.94-17.69).
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Figure 2. Kaplan-Meier curves for hospitalizations (2A) and death (2B) in patients with
breakthroughs vs patients without breakthrough among the population with HM. For
breakthrough patients, hospitalizations and death were followed starting on the day of SARS-
CoV-2 infections until the end of time window (October 23, 2021). For non-breakthrough
cohorts, hospitalizations and death were followed starting on 14 days after full vaccination until
the end of time window (October 23, 2021). Shaded areas represent 95% CIs.

For vaccinated population with HM who had breakthrough infections, we then compared patients
who were subsequently hospitalized or died to patients who were not subsequently hospitalized
nor died (Table 5). The goal was to identify which specific subsets of patients with HM were
more vulnerable to severe outcomes of breakthrough infections. Compared to patients who were
not hospitalized, hospitalized patients were older, comprised of mrre non-Hispanic and White
patients, and received more targeted therapy. No significant differei.~es were found for other
demographics, adverse social determinants of health, comorbidites, 1nd other cancer treatments.
Compared to patients who did not die, those who died after brzoku:rough infections were
significantly older. Other factors were either not significant ¢ - the numbers were too small.
Comparisons were not done for specific HM due to limitea ~ample sizes.

Table 5. Characteristics of vaccinated patients with HM v.*0 had breakthrough SARS-CoV-2
infections and subsequently suffered from severe c.:~omes (hospitalization or death) as
compared with those who had breakthrough SAPS Co V-2 infections but did not subsequently
suffer from severe outcomes.

Hosg tali-.ation Death
P P
Yes No Value Yes No Value
Total Number of Patients 228 372 28 772
Age (Years, MeanxSd) 71124 +/.7£13.8 0.002 74.8t14.4 68.4x13.4 0.014
Gender (% Female) 45.2 50.7 0.16 46.4 49.2 0.77
Ethnicity (%)
Hispanic/Latino N N1 6.8 0.73 NA 6.6 NA
Not Hispanic/Latino 282 79.5 <.001 92.8 81.8 0.05
Race (%) \
White 76.3 68.9 0.04 82.1 70.6 0.19
Black 17.1 17.5 0.90 NA 17.6 NA
Adverse Social
Determinants Of Health* (%6) i i it Ao e e
Comorbidities (%)
Hypertension 68.9 65.9 0.42 71.4 66.2 0.57
Heart Diseases 31.6 29.7 0.61 NA 30.2 NA
Cerebrovascular Diseases 21.5 18.2 0.28 NA 18.4 NA
Obesity 22.8 26.7 0.25 NA 25.6 NA
Type 2 Diabetes 32,5 28.1 0.23 NA 29.3 NA
Chronic Respiratory Diseases 29.8 29.7 0.98 NA 29.4 NA
Chronic Kidney Diseases 29.4 25.9 0.31 NA 26.7 NA
Liver Diseases 18.4 21.9 0.28 NA 20.7 NA
Substance Use Disorders 13.2 16.8 0.20 NA 15.8 NA
Anxiety 26.3 30.6 0.23 NA 22.4 NA
Depression 16.2 25 0.007 NA 22.4 NA
Smoking 4.4 3.5 0.55 NA 3.1 NA




Alcohol Use 4.4 4.2 0.90 NA 4.1 NA

Cancer Treatment (%)
Stem Cell Transplant 11.8 14.5 0.32 NA 13.6 NA
Chemotherapy 64.5 58.7 0.14 75.0 59.3 0.10
Targeted Therapy 50.0 40.9 0.02 60.7 42.9 0.06
Radiation 11.4 14.3 0.27 NA 13.3 NA

Vaccine Types (%)

Pfizer-BioNTech 77.2 78.7 0.65 67.9 78.6 0.18
Moderna 21.9 20.8 0.73 NA 21.0 NA

NA - not available. For security reasons, TriNetX does not report actual patient counts less than
10.

4. Summary and future directions

This study shows that the incidence proportions of breakthrough SA?S-CoV-2 infections in
vaccinated patients with HM steadily increased from Decemb<: “C23 to October 2021, higher
than those in patients without cancer, indicating general wani g i"tamunity of vaccine, especially
in patients with HM. The cumulative risk of breakthrough .~fections in patients with HM was
13.4%, higher than 4.5% in patients without cancer, ind cau.ng that HM is a risk for breakthrough
infections in fully vaccinated patients. These findings are -nsistent with previous reports of low
seroconversion in patients with HM [11-15] and prS.ide robust real-world evidence that
impaired seroconversion could have resulted in <ig,~ (fiv.ant breakthrough infections in patients
with HM, even when they are fully vaccinatrz Qur previous studies, in the early pandemic
when vaccines were not available, showed disr roportionate COVID-19 infections between Black
and White patients with HM [1]. In contrast, . is study shows no signs of racial or ethnic
disparities for breakthrough infections in ~ny of the seven HMs once patients were fully
vaccinated. Findings in this study show .~at risks for hospitalization and mortality in patients
with HM who had breakthrough inf2<ti~rs were not only significantly higher than in those who
had no breakthrough infections, h.t alsu substantial, with an overall risk of 37.8% for
hospitalization, and 5.7% for mc -talny. While our finding shows that HM itself is a risk factor
for breakthrough infections in tu'ly vaccinated patients, we identified subsets of patients with
HM who were more vulner~hic *o breakthrough infections: older patients and patients with
significant comorbidities ‘e.g., hypertension, heart diseases, cerebrovascular diseases, obesity,
type 2 diabetes, chronic 1 >spiratory diseases, chronic kidney diseases, liver diseases, substance
use disorders, depressior, and anxiety) and patients who received chemotherapies or targeted
therapies. In addition, we show that among vaccinated patients with HM who had breakthrough
infections, age was an additional significant risk factor for both hospitalization and death.

4.1. Future considerations

Findings from this study clearly indicate increased breakthrough SARS-CoV-2 infection rates for
fully vaccinated patients with HM compared to fully vaccinated patients without malignancy.
Moreover, breakthrough infections in HM patients are of significant severity as indicated by
substantial hospitalization and mortality. The failure to develop protective antibody response to
COVID-19 vaccination in HM patients indicates the need to maintain virus mitigation strategies
in patients having HM, even though they may be fully vaccinated. Our recent study comparing
Moderna and Pfizer-BioNTech mRNA vaccines in general population showed that recipients of



Moderna mRNA vaccine had fewer breakthrough infections and severe outcomes compared to
recipients of Pfizer vaccine [29]. Whether it is true in patients with HM needs to be validated.
Our results also indicate the need for careful surveillance and early diagnosis of breakthrough
infections, since disease may be more severe in this group and patients may benefit from the
early administration of monoclonal antibodies [32-33] and/or anti-viral therapy with drugs such
as molnupiravir [34], nirmatrelvir-ritonavir [35] and/or selective serotonin reuptake inhibitors
(SSRIs) [36]. The defective protective antibody response in patients with HM further calls for
research to examine, in these patients, the possibility of enhanced strategies for immunization
adjuvants to boost antibody response as well consideration of passive immune protection, using
either convalescent serum, monoclonal antibodies [37] or prophylactic use of intravenous
immunoglobulin (IVIG), which has recently been demonstrated to contain COVID-19 protective
antibodies [38] and recently suggested as a protective strategy for ‘'mmunosuppressed patients
receiving CAR-T Therapy [39]. SARS-CoV-2 infections and hospic.'izations are rising in the US
after the emergence of the Omicron variant in December 2021 [/0]. The Omicron variant is more
transmissible than earlier variants. Reports showed lower rates ~ _zvere clinical outcomes
following Omicron infection compared with Delta variant ini ~ctic n [41-45]. Currently it remains
unknown how the Omicron variant impacts patients with h.'1 and how well vaccination and
boosters will protect against infections and severe clinical ¢ 'tcomes associated with Omicron.

4.2. Limitations

This study has several limitations. First, the oFservational, retrospective nature of this study of
patient EHR data could introduce selection, iniarmation, testing and follow up biases. Second,
time-series antibody level data in vaccina.~d patients are not available in patient EHRs. This
information is important to correlate ‘n*i. ~dy data with breakthrough infections, hospitalizations,
and death to advance our understar.’ng < f the immune correlates of protection in patients with
HM. Third, though the TriNetX . 'R Latabase collected de-identified data of more than 84
million unique patients across the US, patients int the EHR database represent people who had
medical encounters with healthc. “e systems and does not necessarily represent the entire US
population. While patiente . ‘i1, 1M likely have medical encounters, the generalizability of the
results from the TriNe*X plat!orm remains unknown and needs to be validated in other
populations. Fourth, vacu nation that was done outside of healthcare organizations were not
necessarily captured in pudent EHRs. Consequently, patients without documented vaccination in
their EHRs may have been vaccinated. This limitation may not have impacted our findings as we
focused on fully vaccinated patients who had documented vaccination data in their EHRs, and
we made no comparisons to unvaccinated persons. However, findings from this study need to be
validated in other vaccinated populations. Fifth, differences between patient population in
geographic distribution, virus circulation and types of healthcare organizations could confound
the results. Finally, how timing of cancer treatments and disease characteristics (e.g., diagnosis
time, disease state, stages) further affected the risks of breakthrough infections and outcomes in
vaccinated patients with HM were not examined in this study due to limited sample sizes. Future
studies are warranted to identify risks factors for breakthrough infections and severe outcomes in
patients with HM.

4.3 Practice Points



Vaccinated patients with hematologic malignancies (HM) should continue to practice
COVID-19 mitigation strategies, including physical and social distancing, hand
washing, respiratory etiquette, mask wearing in public and ventilation of indoor
spaces.

Patients with HM, whether vaccinated or not, who developed signs of COVID-19
infection, should receive prompt medical attention, since even vaccinated patients
with COVID-19 infections still have substantial severe outcomes.

Vaccinated patients with HM who have certain comorbidities including hypertension,
heart diseases, cerebrovascular diseases, obesity, type 2 diabetes, chronic respiratory
diseases, chronic kidney diseases, liver diseases, substance use disorders depression,
and anxiety should take extra cautions as these factors may confer additional risk for
COVID-19 infection.

4.4  Research Agenda

Prospective studies are needed to document and comu.re (iming, incidence, severity,
and efficacy of available COVID-19 vaccines to | reve 1t breakthrough infections and
protection against severe outcomes associated v.th uifferent virus variants including
Omicron in patients with HM to characterize ai.' explain disease specific differences.
Prospective studies are needed to determine t1.ing and efficacy of vaccine boosters
in producing antiviral immune reactivity’ 0 patients with HM who have already
completed full recommended primary \=ccine schedule.

Timing and severity of COVID-1° by cakthrough infections need to be prospectively
characterized in patients with F'™ fullowing vaccine booster administration.
Evaluate the utility, tolerance, anu *axicity of regularly repeating vaccine boosters to
prevent COVID-19 breakthro.ah infections in patients with HM.

Study immune adjuvant st af: ies to enhance development of COVID-19 antiviral
neutralizing efficacy an~. hre~'.through infections in patients with HM.

Evaluate regular use ny nassive antiviral neutralizing strategies, such as monoclonal
antibodies, hyper imi,'ine serum, IVIG, to prevent breakthrough COVID-19
infections in patients “ith HM, especially during periods of intense
immunosuppresc..

Examine b>w patirnt-specific characteristics including demographics, disease
characteristics, treatment timing and types, comorbidities and behaviors may
predispose puuents with HM to COVID-19 infection.

Examine how different types of vaccine (e.g., mMRNA-1273 and BNT162b2) and
boosters protect patients with HM from COVID infections

Examine the risks, clinical outcomes, and racial and ethnic disparities of COVID
infections with the Omicron variant in patients with HM and understand how
vaccines and pre-existing immunity from previous infections protect patients with
HM against infections with Omicron and associated clinical outcomes.
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